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Abstract
According to the literature, bankruptcy prediction models are less accurate if applied under alternative conditions. We created our 
own bankruptcy prediction model in our previous research. When creating this model, we tried to apply an approach different to
previous ones. We used the traditional method of linear discrimination analysis in creating the model, but employed only 
transformed variables with approximately normal distribution. What is more, the variable pairs are mostly negatively correlated. 
According to the literature, such factors should positively influence model accuracy. However, there is extremely limited 
literature about how such application affects the stability of the model’s accuracy. The aim of this paper is to analyse the stability 
of the model’s accuracy when applied in different time periods or different lines of business. Moreover, we also aim to examine 
and discuss the effectiveness of the procedure used to create the model.
© 2015 The Authors. Published by Elsevier Ltd.
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Introduction
The use of bankruptcy models in economic environments or time periods different from those for which they 
were designed raises the question as to whether such models can simply be “transferred” from their original 
economic environment to a different environment (e.g. at a different stage of economic development, with a 
differing performance of the economy, etc.) or for how long such models retain their prediction capability. Authors 
such as Platt and Platt (1990), Grice and Dugan (2001), Niemann et al. (2008) and Wu, Gaunt and Gray (2010) have 
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pointed out this problem and indicated that the predication accuracy of bankruptcy models (their ability to 
differentiate correctly between a company threatened by bankruptcy and a prospering company) falls markedly 
when they are applied to a branch, period or economic environment different to that from which the data on which 
they were developed was taken. Such arguments motivate efforts aimed at creating new bankruptcy prediction 
models. In this context, Thomas Ng, Wong and Zhang (2011) point out the need for creating models for branches 
such as construction, as the existing models are inappropriate for this branch. In general, Kaplinski (2008) claims 
that bankruptcy prediction models should be adjusted to the economic conditions of the given country or even 
EUDQFK ,Q RXU SUHYLRXV UHVHDUFK VHH.DUDV5HåĖiNRYi ZH DLPHG WR GHULYH D QHZEDQNUXSWF\ SUHGLFWLRQ
model of a specific design. The design of this model will be described in more detail in the next section.
The aim of this paper is to analyse the stability of the model’s accuracy when it is applied in a different time 
period or different line of business. For the purposes of comparison, we are also testing two other models on the 
same sample, namely the Altman Model (see Altman, 2000) and IN05 (see Neumaier, Neumaierová, 2005). 
Additionally, we also aim to examine and discuss the effectiveness of the procedure used to create the model.
1. Sample and methods used
First we will introduce the model and the original sample, after which we will introduce the alternative sample 
and the methods used for the purposes of this research.
1.1. The Bankruptcy Index
This model was developed for companies in the manufacturing industry in the Czech Republic on the basis of 
data on the years 2008–2010. It works by combining linear discriminant analysis and Box-Cox transformation of 
variables (see Box and Cox, 1964). The model was originally designed for an application in the currency CZK (see 
.DUDVDQG5HåĖiNRYiWKRXJKLWVFRHfficients were later modified for indicators defined in EUR (see Karas 
DQG5HåĖiNRYi 7KH FXUUHQF\RI WKH LQGLFDWRUV LV LPSRUWDQW WR WKHPRGHO EHFDXVH WKHPRGHO FRQWDLQVRQH
absolute variable. The model in its revised form (for EUR values), which is tested in this phase of research, is as 
IROORZVVHH.DUDVDQG5HåĖiNRYi
      02941.0397955.2235627.01 91.167838410.112.15500.1311120.1   XXXBI (1)
where
X1 – is the total assets turnover ratio (ratio of sales to total assets), 
X2 – is the ratio of quick assets (current assets minus inventories) to sales,
X3 – is the value of total assets [EUR].
A company is evaluated by the model as bankrupt if the index < 17.3190, otherwise it is evaluated as active. The 
A company is evaluated as bankrupt by the model if the index < 17.3190, otherwise it is evaluated as active. The 
model achieved an average total accuracy of 87.81 % on the original sample (data from the Czech Republic from the 
years 2007 to 2010). The original sample consisted of 207 industrial enterprises based in the Czech Republic (joint-
stock companies) consisting of 32 bankrupt and 175 prospering enterprises. The data were obtained from 
AMADEUS (Analysis Major Database for European Sources). The descriptive statistics of the original sample can 
be found in the following table.
Table 1. Descriptive statistics of the original sample
Ratio no. Mean Median Minimum Maximum Quantile (1 %) Quantile (99 %) Std. Dev. Skewness Kurtosis
TA (A) 175 7,353,172 2,570,536 267,425 138,464,258 355,760 68,275,976 14,671,91 5.406527 39.27811
TA (B) 32 487,055 154,884 13,077 3,162,368 13,077 3,162,368 784,593 2.734836 7.191069
The model was tested on a sample of another 61 observations one year before bankruptcy (1 y. (out)) and data 
from enterprises two or three years before bankruptcy were also used for testing (2 y. or 3 y.). Furthermore, the 
model was tested using another 593 observations from 2011. The test results are shown in Table 2.
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Table 2. Model testing over time – percentage of correctly classified enterprises
Time Active Bankrupt Total Type I error Type II error
1 y. (in) 98.86 % 81.25 % 96.14 % 7.14 % 3.35 %
1 y. (out) 78.26 % 92.11 % 86.89 % 12.50 % 14.29 %
2 years 97.42 % 85.53 % 94.07 % 7.14 % 5.50 %
3 years 96.70 % 90.00 % 94.66 % 7.69 % 4.35 %
2011 98.21 % 96.73 % 97.79 % 4.52 % 1.29 %
Average 93.89 % 89.12 % 93.91 % 7.80 % 5.75 %
One year ahead (before going bankrupt), the model can identify the risk of bankruptcy with a precision of 69.91 
%. Two years ahead this precision is 65.56 %, and three years ahead 65.23 %. The overall classification precision of 
the model over time ranges between 87.81 % (five years ahead) and 97.71 % (a year ahead) correctly classified 
HQWHUSULVHVVHH.DUDV5HåĖiNRYi
1.2. The IN05
The IN05 Model represents a combination of a bankruptcy and solvency model, or a model capable of assessing 
whether a company creates value for its owners. Data on a total of 1,526 industrial companies from the Czech 
Republic for the year 2004 was used in its creation. The model can be written in the following form (see Neumaier 
and Neumaierová, 2005):
IN05 = 0.13*TA/TL+0.04*EBIT/I+3.97*EBIT/TA+0.21*OR/TA+0.09*CA/CL                  (2)
where
TA/TL – represents the ratio total assets to total liabilities, EBIT/I – the ratio of earnings before interest and taxes 
to interest, EBIT/TA – the ratio of earnings before interest and taxes to total assets, OR/TA – the ratio of operating 
revenue to total assets, CA/CL – the ratio of current assets to current liabilities.
Because the indicator EBIT/I often attains extreme values during practical application in view of the low value of 
the denominator, the authors recommend limiting its value to 9 (Neumaier, Neumaierová, 2005). IN05 Model values 
are interpreted as follows. At IN05 values < 0.9 the company does not create value for its owners or destroys value, 
at IN05 values > 1.6 the company creates new value for its owners, and at values falling within a range of 1.6 > 
IN05 > 0.9 no definitive conclusive can be determined (the “grey zone”). At the time at which the model was 
created, its authors summarised its predication ability as follows (Neumaier and Neumaierová, 2005): “If the index 
value for a given company falls beneath the lower limit, there is a 97 % probability that the company is headed for 
bankruptcy and a probability of 76 % that it will not create value. A company in the grey zone has a practically 50 % 
probability of bankruptcy and a 70 % probability of creating value. A company above the upper limit will have a 92 
% probability of not going bankrupt and a 95 % probability of creating value”.
1.3. The Altman model  - version for unquoted companies
The revised version of the Altman Model takes the following form (see Altman, 2000):
Z-score = 0.717*WC/TA+0.847*RE/TA+3.107*EBIT/TA+0.42*E/D+0.998*S/TA (3)
where
WC/TA is the ratio of net working capital to total assets, RE/TA is the ratio of retained earnings to total assets, 
EBIT/TA is the ratio of earnings before interest and taxes to total assets, E/D is the ratio of the accounting value of 
equity to total liabilities, S/TA is the ratio of sales to total assets.
Z-score values are interpreted as follows: Companies with a Z-score value < 1.23 are evaluated as being 
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threatened with bankruptcy. Z-score values > 2.9 indicate the company is financially healthy, while the interval of 
values 1.23 > Z-score > 2.9 means no unambiguous conclusion may be drawn, i.e. the “grey zone” of inconclusive 
results. Altman (2000) states the accuracy of this model as 90.9 % correctly classified bankrupt companies and 97 % 
correctly classified active companies over a period of one year before bankruptcy.
1.4. The Explore Sample
The explore sample consists of 58,244 companies operating either in manufacturing (M) or in construction (C). 
There are 20,498 active and 828 bankrupt companies from the manufacturing branch as well as 35,304 active and 
1,614 bankrupt companies in the sample. The data were obtained from AMADEUS (Analysis Major Database for 
European Sources). The bankrupt companies in the explore sample declared bankruptcy during the years 2008 to 
2013. In the case of the bankrupt companies, the first interval studied is the year before bankruptcy. The descriptive 
statistics of the sample (total assets values of the analysed companies) can be found in the following Table 3. 
Variables for active companies are given as (A), variables for bankrupt companies as (B).
Table 3. The descriptive statistics of the alternative sample
Ratio no. Mean Median Minimum Maximum Quantile (1 %) Quantile (99 %) Std. Dev. Skewness Kurtosis
TA C (A) 17,443 30,274 3,151 -1,593 23,314,292 2.00000 369,557 311,373.1 47.78552 2,940.585
TA C (B) 912 17,297 2,000 -237 1,074,327 0.00000 447,848 74,780.16 9.37329 106.8578
TA M (A) 7,058 16,137 889 -1,376 7,269,068 0.00000 266,522 135,832.8 29.71446 1,293.085
TA M (B) 296 19,615 1,029 0 1,087,611 0.00000 437,266 94,020.98 9.43478 98.5005
2. Results
First we will introduce the results of testing the Bankruptcy Index Model (BI). The results can be found in the 
following Table 4. We analyse the percentage of correctly analysed active companies (referred to as “Active”) and 
the percentage of correctly analysed bankrupt companies (referred to as “Bankrupt”). These percentages were 
calculated as the number of correctly classified active or bankrupt companies divided by the number of valid 
observations of active or bankrupt companies in the sample. The percentage of active or bankrupt companies in the 
grey zone (GA (A) or GZ (B)) was calculated in a similar way. Moreover, we also calculate the total accuracy 
(Total) as a weighted average of “Active” and “Bankrupt” accuracies, using the number of valid observations as 
weights.
Table 4. The accuracy of the BI Model gain on the alternative sample
Time Active
Bankru
pt
GA 
(A)
GZ 
(B) Total
Type I 
error Type II error
M (1y) 34.16 % 47.47 % 0.00 % 0.00 % 34.54 % 65.84 % 52.53 %
M (2y) 36.91 % 50.63 % 0.00 % 0.00 % 37.36 % 63.09 % 49.38 %
M (3y) 39.69 % 42.25 % 0.00 % 0.00 % 39.78 % 60.31 % 62.20 %
M (Average) 36.92 % 46.78 % 0.00 % 0.00 % 37.23 % 63.08 % 54.70 %
C (1y) 53.06 % 55.36 % 0.00 % 0.00 % 53.15 % 46.94 % 44.64 %
C (2y) 56.16 % 42.31 % 0.00 % 0.00 % 55.62 % 43.84 % 57.69 %
C (3y) 58.54 % 50.67 % 0.00 % 0.00 % 58.19 % 41.46 % 49.33 %
C (Average) 55.92 % 49.44 % 0.00 % 0.00 % 55.65 % 44.08 % 50.56 %
The percentage of correctly classified active manufacturing companies ranges from 34.16 % to 39.69 %, with an 
average value of 36.92 %. The percentage of correctly classified bankrupt manufacturing companies ranges from 
42.24 % to 50.63 %, with an average value of 46.78 %. The total accuracy on the sample of manufacturing 
companies ranges from 34.54 % to 39.78 %, with an average value of 37.23 %. The percentage of correctly 
classified active construction companies ranges from 53.06 % to 58.54 %, with an average value of 55.92 %. The 
percentage of correctly classified bankrupt construction companies ranges from 42.31 % to 55.36 %, with an 
average value of 49.44 %. The total accuracy on the sample of construction companies ranges from 53.15 % to 
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58.19 %, with an average value of 55.65 %. Next we will introduce the results of testing the IN05 Model. The IN05 
Model was tested in the same way as the IB Model.
Table 5. The accuracy of the IN05 Model gain on the alternative sample
Time Active Bankrupt GZ (A) GZ (B) Total Type I error Type II error
M (1y) 34.30 % 47.83 % 32.36 % 7.97 % 34.35 % 33.34 % 44.20 %
M (2y) 34.05 % 45.31 % 32.97 % 8.58 % 34.09 % 32.98 % 46.11 %
M (3y) 33.67 % 40.88 % 31.33 % 12.06 % 33.71 % 34.99 % 47.06 %
M (Average) 34.01 % 44.67 % 32.22 % 9.54 % 34.05 % 33.77 % 45.79 %
C (1y) 28.66 % 50.83 % 31.18 % 26.52 % 28.81 % 40.16 % 22.65 %
C (2y) 32.01 % 51.97 % 30.43 % 23.68 % 32.12 % 37.56 % 24.34 %
C (3y) 33.84 % 49.17 % 31.66 % 28.33 % 33.93 % 34.50 % 22.50 %
C (Average) 31.50 % 50.66 % 31.09 % 26.18 % 31.62 % 37.41 % 23.16 %
The average percentage of correctly classified active manufacturing companies in the case of the IN05 Model is 
34.01 % which is slightly higher (i.e. by 2.91 pp) than in the case of the BI Model. The average percentage of 
correctly classified bankrupt manufacturing companies is 44.67 % which is slightly lower (i.e. by 2.11 pp) than in 
the case of the BI Model. The percentage of active companies in the grey zone ranges from 31.33 % to 32.97 % and 
the percentage of bankrupt companies in the grey zone ranges from 7.97 % to 12.06 %. The average total accuracy 
on the sample of manufacturing companies is 34.05 % which is 3.18 pp lower than in the case of the BI Model. The 
average percentage of correctly classified active construction companies is 31.50 % which is significantly lower (by 
24.42 pp) than in the case of the BI model. The average percentage of correctly classified bankrupt construction 
companies is 50.66 % which is slightly higher (by 1.22 pp) than in the case of the BI Model. The percentage of 
active companies in the grey zone ranges from 30.43 % to 31.66 % and the percentage of bankrupt companies in the 
grey zone ranges from 23.68 % to 28.33 %. The average total accuracy on the sample of construction companies is 
31.62 %. We will now analyse the results produced by the Altman Model.
Table 6. The accuracy of the Altman Model gain on the alternative sample
Time Active Bankrupt GZ (A) GZ (B) Total Type I error Type II error
M (1y) 53.53 % 52.42 % 30.93 % 21.50 % 53.52 % 15.54 % 26.09 %
M (2y) 53.71 % 48.53 % 31.19 % 21.72 % 53.68 % 15.09 % 29.76 %
M (3y) 53.21 % 47.35 % 31.26 % 19.41 % 53.18 % 15.53 % 33.24 %
M (Average) 53.48 % 49.43 % 31.13 % 20.88 % 53.46 % 15.39 % 29.69 %
C (1y) 48.89 % 44.92 % 25.58 % 21.32 % 48.87 % 25.53 % 33.76 %
C (2y) 51.01 % 40.29 % 25.89 % 26.96 % 50.93 % 23.10 % 32.75 %
C (3y) 53.99 % 35.64 % 24.52 % 29.07 % 53.85 % 21.49 % 35.29 %
C (Average) 51.30 % 40.28 % 25.33 % 25.78 % 51.22 % 23.38 % 33.93 %
The average percentage of correctly classified active manufacturing companies in the case of the Altman Model 
is 53.48 % which is significantly higher (i.e. by 16.56 pp) than in the case of the BI Model. The average percentage 
of correctly classified bankrupt manufacturing companies is 49.43 % which is slightly higher (i.e. by 2.65 pp) than 
in the case of the BI Model. The percentage of active companies in the grey zone ranges from 30.93 % to 31.26 % 
and the percentage of bankrupt companies in the grey zone ranges from 19.41 % to 21.50 %. The average total 
accuracy on the sample of manufacturing companies is 53.46 % which is 16.23 pp higher than in the case of the BI 
Model. The average percentage of correctly classified active construction companies is 51.30 % which is higher (by 
4.62 pp) than in the case of the BI Model. The average percentage of correctly classified bankrupt construction 
companies is 40.28 % which is higher (by 9.16 pp) than in the case of the BI Model. The percentage of active 
companies in the grey zone ranges from 24.52 % to 25.89 % and the percentage of bankrupt companies in the grey 
zone ranges from 21.32 % to 29.07 %. The average total accuracy on the sample of construction companies is 51.22 
%.
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Discussion
By testing our model (BI) on a larger sample (43.34 times larger than the original sample) of manufacturing and 
construction companies, we found that the model works with significantly lower accuracy in comparison to its 
original accuracy. The accuracy of the BI Model is comparable to that of other models such as the Altman Model or 
the IN05 Model. The BI Model was derived by using data on manufacturing companies from 2008 to 2010. This 
period was affected by an economic recession and this could result in the lower accuracy of the model in other 
periods. According to theoretical expectations (see Platt and Platt, 1990, Grice and Dugan, 2001, Niemann et al., 
2008 and Wu, Gaunt and Gray, 2010), the accuracy on the sample of construction companies should be lower in 
comparison to the accuracy on the sample of manufacturing companies. However, the accuracy is lower only in the 
case of active companies, though not in the case of bankrupt companies. In future research, we will test this 
phenomenon more deeply, primarily by using a bootstrap procedure. The two other tested models (the Altman 
Model and IN05) were derived by using the same method of LDA. The Altman Model achieved higher accuracy 
than the BI Model. The accuracy of the Altman Model was higher on the sample of manufacturing companies than 
on the sample of construction companies, and this is in line with theoretical assumptions. However, three main 
differences could be found between the BI Model and these two models. First, the BI Model incorporates a 
company-size factor (represented by total assets values); second, the BI Model used transformed variables. 
According to the literature, the size factor could represent a significant bankruptcy indicator (see Ohlson, 1980). The 
BI Model used the total assets value as a measure of company size – a similar measure was part of Altman’s ZETA 
Model. However, by comparing the descriptive statistics of the sample we can see that the difference between active 
and bankrupt companies differs greatly between the original and alternative sample. On the original sample, the 
mean of total assets value was 15.1 times greater than the total assets value of the bankrupt companies. Speaking of 
the alternative (explore) sample, the active manufacturing companies (in terms of mean value of total assets) are 
only 1.75 larger than the bankrupt companies, and in the case of construction companies the bankrupt companies are 
actually 1.21 times larger than the active companies. As the size factor is a crucial part of the BI Model, the given 
difference in the total assets value could explain the low accuracy gain on the alternative sample. Alternative ways 
of incorporating the size factor into the model is subject to future research. Third, the BI Model does not use a grey 
zone, as is usual in the case of methods based on the LDA method. Due to the theoretical assumptions, the use of a 
grey zone should lead to lower error produced by the model, though on the other hand the number of unevaluated 
companies would increase.
Conclusions
The previous results of testing the BI Model were quite encouraging, as the use of the model leads to sufficient 
accuracy without the application of a grey zone. By testing the model on a sample of companies 43 times larger, we 
found that its accuracy is significantly lower, although comparable to the accuracy of other bankruptcy models. The 
approach of model derivation, particularly the way of incorporating company size, should be rethought during the 
course of future research.
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